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ORIGINAL ARTICLE
Tuberculosis (TB) is a highly contagious disease
that is mainly transmitted from person to person.
When we conducted contact tracing of a TB pa-
tient, we found that three members of his family
had pulmonary TB. Among clustered TB cases,
DNA genotyping analysis of isolates with similar
and identical fingerprints helped us discover epi-
demiologic links missed during routine investi-
gations of TB transmission by contact.1
Early genotyping methods, such as drug resist-
ance patterns and mycobacterial phage typing, were
used to distinguish different strains of M. tuberculo-
sis.2 However, drug resistance patterns can change
in a strain during irregular drug treatment. More-
over, mycobacterial phage typing can only identify
a few phage types. In order to circumvent the lim-
itations of the above mentioned methods, M. tuber-
culosis isolates were routinely genotyped with IS6110
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restriction fragment length polymorphism (RFLP),3
spacer oligonucleotide typing (spoligotyping),4
and minisatellite interspersed repetitive unit–
variable number tandem repeat (MIRU–VNTR)5
in the National Reference Laboratory of Myco-
bacteriology at the Taiwan Centers for Disease
Control (Taiwan–CDC) for molecular epidemio-
logic investigations. In addition, we also analyzed
rpoB gene sequences of M. tuberculosis strains to
confirm rifampicin resistance results.6
In this report, we proved household trans-
mission of TB using a combination of molecular
genotyping and epidemiologic investigation.
Materials and Methods
Patients and bacterial strains
Four M. tuberculosis isolates, one each from the
mother (Case 1), father (Case 2) and each of two
daughters (Cases 3 and 4) of a family, were isolated
and identified in the clinical laboratory of the Chest
Hospital, Department of Health, Taiwan. Geno-
typing of the isolates was done by the National
Reference Laboratory of Mycobacteriology at the
Taiwan–CDC. Drug susceptibility tests were done
by the agar proportion method and the modified
proportion method in the MGIT 9600 system
(Becton Dickinson Microbiology Systems, USA).7
Genotyping
Genomic DNA isolation
Genomic DNA was prepared as described by van
Soolingen et al with some modifications.8 Briefly,
bacterial colonies were suspended in TE buffer fol-
lowed by heat-inactivation. The resulting suspen-
sion was then incubated with lysozyme for 2 hours
at 37°C, followed by overnight proteinase K di-
gestion in a 10% SDS solution at 56°C, and then
incubated in a 65°C pre-warmed CTAB/NaCl so-
lution for 10 minutes. Protein inactivation and
removal was done by phenol/chloroform/isoamyl
alcohol partition. Genomic DNA was precipitated
with absolute alcohol, than resuspended with TE
buffer and quantified with a spectrophotometer
(DU 640B, Beckman Coulter) at 260/280 nm.
IS6110 RFLP genotyping
All isolates were assayed using a standardized
IS6110 RFLP method.3 Briefly, genomic DNA was
digested with PvuII for 6 hours before being loaded
onto 0.8% agarose gel and separated by electro-
phoresis in 1X TBE buffer at a constant voltage of
30 V overnight. Genomic DNA of the Mt14323
reference M. tuberculosis strain was included as an
external control and a mixture of supercoiled
DNA ladder/PvuII and φX174/HaeIII DNA served
as an internal control. The resulting DNA frag-
ments were then transferred onto a Hybond
nylon membrane (Amersham Pharmacia), fol-
lowed by overnight hybridization with a 245-bp
fragment of IS6110 probe. The hybridized frag-
ments were detected by the ECL® Detection system
(GE-Amersham, USA).
Spoligotyping
Spoligotyping is a polymerase chain reaction
(PCR)-based analysis that uses a commercially
available kit (Isogen Bioscience BV, Maarssen, The
Netherlands).4 We followed the instructions sup-
plied by the manufacturer. Briefly, the amplified
DNA was hybridized to a membrane covalently
precoated with a set of 43 spacer oligonucleotides.
M. tuberculosis H37Rv and/or M. bovis P3 reference
strains were included in each test as positive con-
trols. Either chromosomal DNA or bacterial extract
samples were subjected to PCR reactions using DRa
and DRb primer sets. The resulting PCR products
were then hybridized with the precoated mem-
brane. The ECL® Detection system (GE-Amersham)
was applied for final image detection. The re-
solved spoligotypes were M. tuberculosis complex
strain-specific. The characteristic Beijing geno-
type was defined as strains that hybridized only
to the last nine spacer oligonucleotides (spacers
35 to 43); the Beijing-like genotype was defined
as strains that hybridized to only some of the last
nine spacers.
MIRU–VNTR
MIRU–VNTR typing was performed as previously
described.5 Following an initial denaturation at
95°C for 7.5 minutes, the remaining protocol 
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included 35 cycles of 95°C for 0.5 minutes, 59°C
for 1.5 minutes, and 72°C for 1 minute. The PCR
was completed by a final extension phase of 72°C
for 8 minutes. PCR products were analyzed using 
a GE-Amersham MegaBACE® 500 genetic analyzer.
The results were expressed as a 15-digit allele
profile.
Computer-assisted analysis
The spoligotypes and RFLP fingerprint images were
scanned and analyzed by Bionumberics® software,
version 4.601 (Applied Math, Kortijk, Belgium).
The software does automatic pattern identifica-
tion that is confirmed by visual evaluation of the
images. Comparison of images was done by the
unweighted pair group method using arithmetic
averages (UPGMA) clustering method by applying
the Dice coefficient and following the instructions
provided by the manufacturer. A cluster is defined
as a group of two or more patients yielding iso-
lates with identical fingerprint patterns. Similar
fingerprint patterns are defined as a group of two
or more isolates that share an RFLP—that differs
by a single band and has an identical pattern by
secondary genotyping.
rpoB gene sequencing
According to the reference sequence (M. tuberculosis
H37Rv) obtained from NCBI Entrez (GenBank
accession no. NC-000962.1), the rpoB hot spot
fragment was amplified by two 1.6µM oligonucleo-
tides: rpoB-F (5-TCGGCGAGCCCATCACGTCG-3)
and rpoB-R (5-GCGTACACCGACAGCGAGCC-3).
Aliquots of purified mycobacterial DNA (50 ng)
were added to the PCR reagents with 1 U of
AmpliTaq DNA polymerase (Applied Biosystems,
Foster City, CA, USA), 100 mM dNTP mix, 50 mM
KCl, 10mM Tris-HCl (pH 8.3), and 2.5mM MgCl2.
The reaction was carried out by an ABI 9700 ther-
mocycler (Applied Biosystems) with the follow-
ing program: initial denaturation and hot start at
96°C for 10 minutes, followed by 30 cycles of de-
naturation at 96°C for 1 minute each, annealing
at 64°C for 1 minute, and extension at 72°C for 
2 minutes, with an additional extension step at
72°C for 7 minutes, and final incubation at 4°C.
PCR products were analyzed on a 2% agarose gel
in 1X TBE buffer (Amresco), stained with ethid-
ium bromide, and visualized under UV light to
ensure the specificity of the reaction. The final
product happened to be a 541-bp fragment. Then,
the amplification products were sequenced on an
ABI 3700 DNA analyzer (Applied Biosystems).
Results
Clinical presentation of patients
The patients’ characteristics are listed in the Table
and Figure 1. Case 1 was previously diagnosed
with pulmonary TB in 1993 and she received 
9-month treatment with isoniazid, rifampicin and
ethambutol. Her TB relapsed in 1997 but she did
not receive regular treatment at that time. She
was identified as an active TB case again after
contact investigation in 2004. Her chest X-ray 
is shown in Figure 2A. Case 2 is the husband of
Case 1. Pulmonary TB was diagnosed based on
his chest X-ray (Figure 2B) and bacteriology in
November 1998. He received irregular treatment
due to poor compliance. Rifampicin-resistant 
M. tuberculosis was isolated in 1999. In 2004, he
visited the Chest Hospital again. The isolates in
February 2004 were resistant to rifampicin. His
anti-TB regimen was adjusted according to the
results of drug susceptibility testing and clinical
conditions. As we investigated his contact, active
pulmonary TB was diagnosed in Cases 1, 3 and 4.
Case 3 and 4 are daughters of Cases 1 and 2. They
were identified as TB cases in January 2004. The
elder and younger daughters had been coughing
for 1 month and 3 months, respectively. Their chest
X-rays are shown in Figures 2C and 2D, respec-
tively. All four cases had a positive M. tuberculosis
culture in January or February of 2004. The strains
isolated in 2004 were sent for genotyping and
rpoB gene sequencing.
Genotyping results
All four strains were found to have the identical
non-Beijing spoligotype (Figure 3) and MIRU–
VNTR pattern (314222325143323). Cases 1 and 2
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had identical RFLP profiles. Cases 3 and 4 also had
identical RFLP profiles, which were similar to those
of Cases 1 and 2, but had one extra insertion
copy (Figure 3).
Drug resistance profile
The drug resistance profiles of isolates from the
four cases are summarized in the Table. The results
of the rpoB gene sequence analysis revealed that
isolates from Cases 1 and 2 had a missense mu-
tation at codon 531 (TCGTTG; SerLeu); while
isolates from Cases 3 and 4 had a mutation at
codon 533 (CTGCCG; SerPro). The growth
rates of the strains isolated from Cases 3 and 4
were slower compared to those isolated from Cases
1 and 2. The mono-rifampicin resistance might
be due to self-administration with rifampicin alone
by Case 1 in 1997.
Discussion
This report describes the use of various molecu-
lar genetic methods in contact tracing of possible
household transmission of TB in Taiwan. The
household transmission in this family was proved
by identical spoligotyping, MIRU–VNTR, and sim-
ilar IS6110 RFLP patterns. A more stringent con-
tact tracing and public health outreach during the
treatment period are recommended to prevent
household transmission of TB.
The development of molecular typing methods,
such as IS6110 RFLP in the 1990s, made available
a new way to investigate the transmission dy-
namics and tracking of individual strains of 
Table. Characteristics of the four tuberculosis (TB) patients
Case 1 Case 2 Case 3 Case 4
Sex Female Male Female Female
Age (year of birth) 51 (1955) 57 (1949) 30 (1976) 25 (1981)
Onset of TB First diagnosed First diagnosed First diagnosed First diagnosed 
in 1993 in 1998 in 2004 in 2004
Chest X-ray Bilateral lung field Bilateral lung field Bilateral lung field Bilateral lung field 
involvement with involvement with involvement with involvement with 
cavities cavities cavities cavities
Bacteriology




Agar proportion RIFr RIFr RIFr RIFr
method
rpoB sequence codon 531 codon 531 codon 533 codon 533
TCG TTG TCG TTG CTGCCG CTGCCG
RIFr = rifampicin resistant.
Case 2
Case 3 Case 4
Case 1
Male Female
Figure 1. Relationships in the family. The healthy family
members ( and ) did not live in the same house.
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M. tuberculosis. IS6110 RFLP is the most widely
applied genotyping method and remains the gold
standard. The stability of a genetic marker is very
important. Markers that change too rapidly ob-
scure transmission links, but those that change
too slowly cause us to deduce links where they do
not otherwise exist. It was reported that IS6110
RFLP profiles remained unchanged for periods up
to 4.5 years. Minimal changes were seen in one of
18 cases studied.9 The banding changes may be
A B
C D
Figure 2. Chest X-ray films of the four family members: (A) Case 1—mother; (B) Case 2—father; (C) Case 3—elder







Figure 3. (A) IS6110 restriction fragment length polymorphism (RFLP) patterns; (B) spoligotypes of the four
Mycobacterium tuberculosis isolates.
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due to gene translocation or depletion.10 Factors
that affect this rate may include the nature and
duration of disease in a host and the opportunity
to experience different host environments during
the transmission cycle. The degree of stability of
IS6110 banding patterns might vary for different
families of M. tuberculosis strains. The IS6110 change
was significantly associated with strains with more
than five IS6110 copies.10 The different banding of
the causative M. tuberculosis isolates from Cases 1
and 2 and from Cases 3 and 4 might be due to high
IS6110 copy numbers.
In order to clarify the possible TB transmission
between cases with strong epidemiologic linkage,
other available genotyping methods using different
genetic markers are recommended. In this study,
spoligotyping was also applied to identify and dif-
ferentiate M. tuberculosis isolates. Compared with
IS6110, Niemann et al found that direct repeat (DR)
region basis for spoligotyping had a lower rate 
of change.11 Partial deletions do not seem to be
frequent in the DR region. In this investigation,
spoligotyping and MIRU–VNTR were used as sec-
ondary typing to show four isolates as indistin-
guishable. Furthermore, those four isolates had
the same MIRU–VNTR typing profile. Due to the
same spoligotype and MIRU–VNTR pattern and
similar RFLP profile probably caused by gene dele-
tion or translocation, we conclude that the four
family members were infected with the same lin-
eage of M. tuberculosis. In our study, the spoligo-
types of the four isolates were the same non-Beijing
genotype. Even though the Beijing family geno-
types contributed to 44.4% of TB cases in Taiwan,
non-Beijing genotypes were as predominant as
the Beijing one in central and southern Taiwan.12
Not surprisingly, in TB endemic southern Taiwan,
the transmission efficacy of both the non-Beijing
and Beijing genotype strains was similar.
Resistance to rifampicin is almost exclusively
associated with mutations in the rpoB gene that
encodes the subunit of RNA polymerase. Over 70
distinct rpoB mutations have been reported for 
rifampicin-resistant M. tuberculosis isolates world-
wide.13 Our four isolates presented two different
gene mutations. The result is probably because
the two different strains mutated during inade-
quate treatment of the parents and the stains grew
predominantly in different hosts.
In Taiwan, TB cases resulting from contact be-
tween family members are evaluated using chest
X-ray. The overall active pulmonary TB rate in the
study group was 6.2% compared to 1.9% in
America.14 In our study, all of the close family
contacts had active pulmonary TB. Even though
we cannot conclude how the duration of contact
will influence the risk of transmission, our study
does suggest that the use of molecular genetic
methods can help to define the source of infection.
Becerra et al showed that the detection rate
among contacts who reported cough of more than
2 weeks duration was high, both among neigh-
bors and among the household members of case
subjects.15 For early detection of household trans-
mission, it is feasible to obtain roentgenograms
of all household contacts and obtain sputa for
examination when the contact member is symp-
tomatic. Directly observed treatment is also impor-
tant. In the early 1960s, Crofton highlighted the
treatment of infectious cases as a stratagem for
preventing transmission and thereby controlling
TB.16 Since the relapsed Case 1 was the presumed
TB source case, long-term monitoring of the close
contacts and regular treatment of the patient would
reduce TB transmission and primary resistant cases.
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